Effect Of Some Technological Factors On Some Properties Of Acacia Seyal (Talh) Wood-Cement Aggregates by BASHER, AMEL
  
EFFECT OF SOME TECHNOLOGICAL 
FACTORS ON SOME PROPERTIES OF ACACIA 
SEYAL (TALH) WOOD-CEMENT AGGREGATES  
 
 
 
 
By  
AMEL BASHER AHMED BASHER 
B.Sc. (Honours) University of Khartoum 2001 
 
 
 
 
A Thesis 
 
Submitted in fulfillment of the requirements 
for the degree of Master of Science in Forestry 
 
 
 
 
 
Supervisor: Dr. Abdelazim Yassin Abdelgadir 
Co. Supervisor: Dr. Osman Taha Alzakii 
 
 
 
 
Department of Forest Products and Industries,  
Faculty of Forestry, University of Khartoum 
 
December 2005 
  
 
 
 
 
 
 
 
 
 
DEDICATION 
 
 
To my beloved and commendable family: father, mother, 
brothers, sisters and friends, I dedicate this work. 
 
 
 
 
 
 
 
 
 
 
 
  
ACKNOWLEDGEMENTS 
 
First, thanks to Allah, the almighty.  My deepest Gratitude is to my 
supervisor Dr. Abdelazim Yassin Abdelgadir, Dean, Faculty of Forestry, 
University of Khartoum, and to my Co. Supervisor Dr. Osman Taha Alzakii, 
Head, Department of the Chemical and Cellulose Technology, NCR for their 
priceless guidance, help, patience and encouragement.   
My deep thanks are due to Mr. Aldooma Babikkir for his valuable help 
in designing the hydraulic press and his valuable advice absolute incite given.  
I would like also to acknowledge the assistance of all the family of the 
National Center for Research.  Special thanks are due to Prof. Ahmed Mahgob 
Elhindi, Dr. Salah Eldin Dafaalla, Mr. Hayatham Abdalwahab, Mr 
Abdelhameed and uncle Saymon. I also thank the technical staff (Gasim, 
Hamza, Gazy, Iz Elden and Mohammed) at the Institute for Technological 
Research for their great assistance in conductance of the experimental work. 
I am also indebted to my colleagues at the Faculty of Forestry, 
University of Khartoum and to the scientific, technical, and administrative 
personnel at Road and Building Research Institute for their great help. 
I am mostly grateful to my family for their patience, sincere and 
absolute support throughout my study.  
 
 TABLE OF CONTENT 
Dedication……………………………………………………………… I 
Acknowledgements……………………………………………………..  II 
Table of content………………………………………………………... III 
List of table…………………………………………………………….. VI 
List of figure …………………………………………………………..    VIII
List of plate…………………………………………………………….. IX 
Abstract………………………………………………………………   X 
Arabic abstract……………………………………………………….       XI 
 
CHAPTER ONE  
1.    Introduction …………………………………………………….       1 
1.1. Objectives……………………………………………………….. 3 
 
CHAPTER TWO  
2.       Literature review………………………………………… 4 
2.1.    History…………………………………………………..                4 
2.2.    Types and uses of cement- bonded products………………….. 5 
2.2.1. Wood-wool cement board (WWCB)…………………………. 5 
2.2.2. Cement-bonded particleboard (CBP)………………………… 6 
2.2.3. Wood-fiber reinforced cement ……………………………….. 7 
2.2.4. Building blocks……………………………………………….. 7 
2.3.   Compatibility of wood with cement………………………… 8 
2.3.1. Measurement of wood –cement compatibility…………........... 9 
2.3.2. Mechanism of cement setting…………………………………  11 
2.3.3. Inhibition mechanism………………………………………… 
 
12 
 2.4.    Factors affecting the compatibility of wood with portland…… 
         cement 14 
2.4.1. Effect of wood species……………………………………… 14 
2.4.2. The Effect of wood treatment and additives………………… 16 
2.4.3. Effect of particle geometry……………………………………. 18 
2.4.4. Effect of the pressure………………………………………….  19 
2.4.5. Effect of cement / wood ratio…………………………………. 20 
2.4.6. The Effect of board density…………………………………… 21 
2.4.7. Effect of the amount of water used in the wood cement……. 
         aggregates 22 
2.5.   General description of species………………………………… 23 
2.5.1. Acacia seyal………………………………………………… 23 
2.5.1.1 Acacia seyal var. seyal ……………………………………………… 23 
 
CHAPTER THREE  
3.        Materials and methods……………………………………… 25 
3.1.    Materials………………………………………………… 25 
3.1.1. Wood material collection &preparation……………................. 25 
3.1.2. Cement……………………………………………………… 27 
3.1.3. Sand…………………………………………………………… 27 
3.1.4. Chemicals…………………………………………………… 27 
3.3.    Methods……………………………………………………… 28 
3.3.1. General………………………………………………………... 28 
3.3.2. The effects of cement/wood ratio, calcium chloride content 
         and pressures on the properties of wood-cement aggregates 28 
3.3.3. The effects of cement/wood/sand ratio and pressure on the 
          properties of wood-cement aggregates 29 
3.4.   The Determination of density………………………………….. 30 
3.5.   The Determination of water absorption……………………… 30 
 3.6.   Compressive testing…………………………………………… 30 
3.7.   Statistical analysis…………………………………………… 31 
  
CHAPTER FOUR  
4.    Results and discussion ………………………………………… 36 
4.1. Experiment 1: Effect of cement/wood ratio, calcium chlorides  
                               content and pressures on the properties of wood- 
                               cement aggregates 36 
4.1.1.    Effect of calcium chloride content………………………….. 37 
4.1.1.1. At ratio 2:1………………………………………………….. 37 
4.1.1.2. At ratio 2.5:1…………………………………....................... 38 
4.1.1.3. At ratio 3:1………………………………………………… 41 
4.1.1.4. At ratio 3.5:1………………………………………………... 42 
4.1.2.    Effect of cement/wood ratio………………………………… 44 
4.1.       Effect of pressure………………………………………….. 50 
4.2. Experiment 2: Effect of cement/wood/sand ratio, and ……... 
              pressure on the properties of wood-cement aggregates... 54 
4.2.1.    Effect of cement/wood/sand ratio………………………. 54 
4.2.1.1. At 2:1 cement/wood ratio …………………………………... 54 
4.2.1.2. At 3:1 cement/wood ratio …………………………………... 55 
4.2.2.   Effect of pressures ………………………………………… 58 
 
CHAPTER FIVE  
5.    Conclusion and recommendation……………………………… 64 
5.1. Conclusion………………………………………………………. 64 
5.2. Recommendation………………………………………………... 65 
 
REFERENCES……………………………………………………… 66 
APPENDIXCES……………………………………………………. 78 
 LIST OF TABLES 
 
Table 1. Effect of calcium chloride content on the properties of      
wood-cement aggregates at cement/wood ratio 2:1 for two      
pressures (0; 4 N/mm2)…………………………………….. 39
Table 2. Effect of calcium chloride content on the properties of      
wood-cement aggregates at cement/wood ratio 2.5:1 for 
two pressures (0; 4 N/mm2)……………………………… 40
Table 3.  Effect of calcium chloride content on the properties of      
wood-cement aggregates at cement/wood ratio 3:1 for two     
pressures (0; 4 N/mm2)…………………………………… 42
Table 4.  Effect of calcium chloride content on the properties of      
wood-cement aggregates at cement/wood ratio 3.5:1 for 
two pressures (0; 4 N/mm2)……………………………… 43
Table 5.  Effect of pressure (0; 4 N/mm2) on the properties of      
wood-cement aggregates at different cement/wood ratios 
and 1% calcium chloride…………………………………… 51
Table 6.  Effect of pressure (0; 4 N/mm2) on the properties of      
wood-cement aggregates at different cement/wood ratios 
and 2% calcium chloride……………………………………  52
Table 7.  Effect of pressure (0; 4 N/mm2) on the properties of      
wood-cement aggregates at different cement/wood ratios 
and 3% calcium chloride…………………………………… 53
Table 8.  Effect of cement/wood/sand ratio on the properties of      
wood-cement aggregates at cement/wood ratio 2:1 for 5 
and 12.5 (N/mm2)…………………………………………... 56
Table 9. Effect of cement/wood/sand ratio on the properties of      
wood-cement aggregates at cement/wood ratio 3:1 for 5,      
12.5 and 20 (N/mm2)……………………………………….. 57
Table 10. Effect of pressure (5, 12.5 and 20 N/mm2) on the      
properties of wood-cement aggregates at 
cement/wood/sand ratio 2:1:0 and 3:1:0 ………………. 60
 Table 11. Effect of pressure (5, 12.5 and 20 N/mm2) on the      
properties of wood-cement aggregates at      
cement/wood/sand ratio 2:1:1 and 3:1:1 ………………… 61
Table 12.  Effect of pressure (5, 12.5 and 20 N/mm2) on the      
properties of wood-cement aggregates at      
cement/wood/sand ratio 2:1:1.5 and 3:1:1.5……………...  62
Table 13.    Effect of pressure (5, 12.5 and 20 N/mm2) on the properties 
of wood-cement aggregates at cement/wood/sand ratio 
2:1:2 and 3:1:2 ……………………………………………. 
63
 LIST OF FIGURES 
  
Figure 1.  Effect of wood/cement ratios on the density of wood-cement 
aggregates at (a) 1%, (b) 2% and (3)% calcium chloride 
content for two pressures (0; 4 N/mm2) ………………… 46
Figure 2.  Effect of wood/cement ratios on the water absorption after 2  
hour of wood-cement aggregates at (a) 1%, (b) 2% and (3)% 
calcium chloride content for two pressures (0; 4 
N/mm2)………………………………………………………  47
Figure 3.  Effect of wood/cement ratios on the water absorption after 
24 hour of wood-cement aggregates at (a) 1%, (b) 2% and 
(3)% calcium chloride content for two pressures (0; 4 
N/mm2)……………………………………………………... 48
Figure 4.  Effect of wood/cement ratios on the compressive strength of 
wood-cement aggregates at (a) 1%, (b) 2% and (3)% 
calcium chloride content for two pressures (0; 4 
N/mm2)………………………………………………………  49
 
 
 
 
 
 
 
  
LIST OF PLATES 
  
Plate1.  Debarked log…………………………………………………...   32 
Plate2.  Chipping……………………………………………………… 32 
Plate3.  Hammer-mill …………………………………………………..  32 
Plate4.  Shaker………………………………………………………….. 32 
Plate5.  Sieves ………………………………………………………….   33 
Plate6.  Particle Size……………………………………………………. 33 
Plate7.  Sand ……………………………………………………………  33 
Plate8.  Weighting particles…………………………………………….   33 
Plate9.  Mixing of raw materials………………………………………    34 
Plate10.  Moulds……………………………………………………….. 34 
Plate11.  Hydraulic Press……………………………………………….  34 
Plate12.  Pressing method.……………………………………………... 34 
Plate13.  Specimens……………………………………………………. 35 
Plate14.  Curing of specimens………………………………………… 35 
Plate15.  Universal testing machine…………......................................... 35 
Plate16.  Specimens after test….………………………………………. 35 
 
 ABSTRACT 
Effect of some technological factors on some properties of Acacia seyal 
(talh) wood-cement aggregates  
 
This study investigated the effect of some technological factors on the 
properties of Acacia seyal (talh) wood-cement aggregate in two separate 
experiments.  Wood was obtained from six trees in Wad Albashir near 
Alhwata Forest circle in Gadarif State.  Commercial cement and sand were 
used.  The first experiment was factorial to study the effect of cement/wood 
ratio (3.5:1, 3:1, 2.5:1, and 2:1), calcium chloride content (1%, 2% and 3%) 
and pressure (No pressure and 4 N/mm2) on the properties of wood-cement 
aggregate.  In the second experiment the effect of cement/wood/sand ratios 
(2:1:1, 2:1:1.5, 2:1:2, 3:1:1, 3:1:1.5 and 3:1:2) and pressure (5, 12.5 and 20 
N/mm2) on the properties of wood-cement aggregate at mixed calcium 
chloride 3% was investigated using metallic mould, 144 block specimens 
(7×7×7 cm3) were produced. After 24 hours the blocks were removed from the 
molds and were then cured for 28 days.  The wood-cement aggregate were 
tested for mechanical (compressive strength) and physical (water absorption 
and density) properties.  Analysis of variance and Duncan Multiple Range test 
were carried out to study of the significance of the treatments and their 
interactions.  
The results indicate that the addition of increased amounts of CaCl2 
increased the compressive strength and water absorption but did not affect 
density of talh wood-cement aggregate.  Higher compressive strength, density, 
and lower water absorption were obtained with increasing cement-wood ratio 
when applying 4 N/mm2 pressure.  The compressive strength and water 
absorption decreased when the pressure was increased over a value of 5 
N/mm2.  However, compressive strength and density were found to increase 
with increasing pressure when the sand was added to the mixture.  
  
  ﻤﻭﺠﺯ ﺍﻟﺒﺤﺙ
  
  ﻲ ﺒﻌﺽ ﺨﺼﺎﺌﺹ ﺨﻠﻴﻁ ﺨﺸﺏ ﺍﻟﻁﻠﺢ ﻭﺍﻻﺴﻤﻨﺕﺘﺄﺜﻴﺭ ﺒﻌﺽ ﺍﻟﻌﻭﺍﻤل ﺍﻟﺘﻘﻨﻴﺔ ﻋﻠ
 
ﺍﺠﺭﻱ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻟﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﺒﻌﺽ ﺍﻟﻌﻭﺍﻤل ﺍﻟﺘﻘﻨﻴﺔ ﻋﻠﻲ ﺒﻌﺽ ﺨﺼﺎﺌﺹ ﺨـﺸﺏ ﺍﻟﻁﻠـﺢ 
ﺘﻡ ﺠﻠﺏ ﺍﻟﻌﻴﻨﺎﺕ ﻟﺴﺘﻪ ﺸﺠﺭﺍﺕ ﻤﻥ . ﻭﺍﻻﺴﻤﻨﺕ ﺍﻟﺒﻭﺭﺘﻼﻨﺩﻱ ﺍﻟﻌﺎﺩﻱ ﺍﻟﺫﻱ ﺘﻨﺘﺠﻪ ﺸﺭﻜﺔ ﺍﺴﻤﻨﺕ ﻋﻁﺒﺭﻩ 
  .ﺘﻴﻥ ﻭﺘﺎﻤﺘﻲ ﺍﻟﻌﺸﻭﺍﺌﻴﻪﻏﺎﺒﺔ ﻭﺩ ﺍﻟﺒﺸﻴﺭ ﺒﺎﻟﺤﻭﺍﺘﻪ ﺘﻀﻤﻨﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻟﺘﺠﺭﺒﺘﻴﻥ ﻋﻤﻠﻴﺘﻴﻥ ﻭﻤﻨﻔﺼﻠ
ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺜﻼﺜﺔ ﻤﻜﺭﺍﺭﺍﺕ ﻟﺩﺭﺍﺴﺔ ﺍﺜﺭ ﻜل ﻤﻥ ﻨـﺴﺏ ﺨﻠـﻴﻁ ﺍﻷﺴـﻤﻨﺕ : ﺍﻟﺘﺠﺭﺒﺔ ﺍﻻﻭﻟﻲ 
ﻤـﻥ %( ١،%٢،%٣) ﻭﺜﻼﺜﺔ ﻤﺴﺘﻭﻴﺎﺕ ﻤﻥ ﻜﻠﻭﺭﻴﺩ ﺍﻟﻜﺎﻟـﺴﻴﻭﻡ (١:٢،١:٥,٢،١:٣،١:٥,٣)ﻟﻠﺨﺸﺏ 
  (.٢ﻤﻠﻡ/ ﻨﻴﻭﺘﻥ٤،٠)ﻭﺯﻥ ﺍﻻﺴﻤﻨﺕ ﻭﻤﺴﺘﻭﻴﻴﻥ ﻤﻥ ﺍﻟﻀﻐﻁ 
ﻭﺍﻀـﺎﻓﺔ ( ٠٢،٥,٢١،٥)ﺜﻼﺜﺔ ﻤﺴﺘﻭﻴﺎﺕ ﻤﻥ ﺍﻟـﻀﻐﻁ ﺼﻤﻤﺕ ﻟﺩﺭﺍﺴﺔ ﺍﺜﺭ : ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺜﺎﻨﻴﺔ 
 ٣:١:١ ،٣:١:٥,١ ، ٣:١:٢ ، ٢:١:٠ ، ٢:١:١ ، ٢:١:٥,١ ، ٢:١:٢) ﺍﻟﺭﻤﻠـﺔ ﺒﻨـﺴﺏ ﻤﺨﺘﻠﻔـﺔ
  %.٣ﻤﻊ ﺍﻀﺎﻓﺔ  ﻜﻠﻭﺭﻴﺩ ﻜﺎﻟﺴﻴﻭﻡ ﺒﻨﺴﺒﺔ ( ٣:١:٠،
 ﺴﺎﻋﻪ ﺘﻡ ٤٢ﺒﺈﺴﺘﺨﺩﺍﻡ ﻗﻭﺍﻟﺏ ﻤﻥ ﺍﻟﺤﺩﻴﺩ ﺒﻌﺩ ( ٣ ﺴﻡ ٧×٧×٧) ﻋﻴﻨﺔ ﺍﺨﺘﺒﺎﺭ ٤٤١ﺘﻡ ﺘﺤﻀﻴﺭ 
ﻗـﻭﺓ )ﺍﺠﺭﻴﺕ ﺍﻹﺨﺘﺒﺎﺭﺍﺕ ﺍﻟﻤﻴﻜﺎﻨﻴﻜﻴﻪ .  ﻴﻭﻡ ﻟﻀﻤﺎﻥ ﺘﻤﺎﺴﻙ ﺍﻻﺴﻤﻨﺕ ٨٢ﻤﺎﺀ ﻟﻤﺩﺓ ﻏﻤﺭ ﺍﻟﻌﻴﻨﺎﺕ ﻓﻲ ﺍﻟ 
 .ﻟﻠﻌﻴﻨﺎﺕ ﺍﻟﻤﺠﻬﺯﻩ ﺒﻌﺩ ﺍﻟﺘﺠﻔﻴﻑ( ﺍﻤﺘﺼﺎﺹ ﺍﻟﻤﺎﺀ ﻭﺍﻟﻜﺜﺎﻓﻪ)ﻭﺍﻟﻔﻴﺯﻴﺎﺌﻴﻪ( ﻀﻐﻁ ﺍﻟﺨﻠﻴﻁ
  ﺍﺸﺎﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻲ ﺍﻥ ﺭﻓﻊ ﻤﺴﺘﻭﻴﺎﺕ ﻜﻠﻭﺭﻴﺩ ﺍﻟﻜﺎﻟﺴﻴﻭﻡ ﻓﻲ ﺍﻟﺨﻠﻴﻁ ﻋﻤﻠﺕ ﻋﻠﻲ ﺯﻴﺎﺩﺓ ﻗـﻭﺓ 
 ﺘﺅﺜﺭ ﻋﻠﻲ ﺍﻟﻜﺜﺎﻓﺔ، ﻭﻜﺫﻟﻙ ﺯﻴﺎﺩﺓ ﻨﺴﺏ ﺨﻠﻁ ﺍﻻﺴﻤﻨﺕ ﻟﻠﺨﺸﺏ ﻋﻨﺩ ﻀﻐﻁ ﺍﻟﺨﻠﻴﻁ ﻭﺍﻤﺘﺼﺎﺹ ﺍﻟﻤﺎﺀ ﻭﻟﻡ 
 ٥ﺯﻴﺎﺩﺓ ﺍﻟﻀﻐﻁ ﺍﻜﺜﺭ ﻤﻥ . ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻀﻐﻁ ﺍﺩﻱ ﻟﺯﻴﺎﺩﺓ ﻗﻭﺓ ﺍﻟﻀﻐﻁ ﻭﺍﻟﻜﺜﺎﻓﻪ ﻭﻨﻘﺼﺎﻥ ﺍﻤﺘﺼﺎﺹ ﺍﻟﻤﺎﺀ
 ﺍﺩﻱ ﺍﻟﻲ ﻨﻘﺼﺎﻥ ﻗﻭﺓ ﻀﻐﻁ ﺍﻟﺨﻠﻴﻁ ﻭﺍﻤﺘﺼﺎﺹ ﺍﻟﻤﺎﺀ ﺍﻤﺎ ﺍﻀﺎﻓﺔ ﺍﻟﺭﻤﻠﺔ ﻤﻊ ﺯﻴﺎﺩﺓ ﺍﻟﻀﻐﻁ ٢ﻤﻠﻡ/ﻨﻴﻭﺘﻥ
 .ﺯﻴﺎﺩﺓ ﻗﻭﺓ ﻀﻐﻁ ﺍﻟﺨﻠﻴﻁ ﻭﺍﻟﻜﺜﺎﻓﺔ ﻤﻊ ﻨﻘﺼﺎﻥ ﺍﻤﺘﺼﺎﺹ ﺍﻟﻤﺎﺀ ﺍﺩﻱ ﺍﻟﻲ ٢ﻤﻠﻡ/ ﻨﻴﻭﺘﻥ٠٢ﺍﻟﻲ 
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CHAPTER ONE 
1. INTRODUCTION  
 
Mineral-bonded wood–based products are made from comminuted 
wood materials bonded together with mineral binders.  Composite wood-
cement panels, made from a mixture of wood strands, chips or fibers and 
cement appear to have the potential for the use of low value wood 
species, residues, and recyclable materials in such composites.  
Production of cement-bonded board (CBB) is likely to be increased not 
only because it will complement the projected domestic demand for 
wood-based panels but also because of the availability of the raw 
materials (Eusebio 2003).   
Today, houses and many light commercial and industrial buildings 
are made of modern wood structural materials.  Recently, there has been 
increased interest in using wood for various types of transportation 
structures, including bridges (Moody and TenWolde 1999).  Wood-
cement products are currently used in many countries for roof decking, 
flooring, exterior, partitions, and wall paneling in houses, schools, and 
industrial buildings (Hashmi and Moslemi 1989).  The advantages of 
these wood-cement composites are resistance to fire, fungi, termites, and 
weather elements (Deppe 1975; Moslemi 1974). Cement-bonded 
products are becoming increasingly important as building materials since 
they possess better properties in comparison to concrete (e.g. lightweight) 
and in comparison to wood (resistance to fungi, insects and fire). 
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Sudan is a wide country that has huge quantities of ligno-cellulosic 
raw materials, which are not rationally utilized.  Most of the wood 
materials are harvested from crooked, short-poled trees of the tropical 
forests.  These raw materials could be used for many purposes including 
wood-cement and other wood composites.  However, there are some 
difficulties encountered with hardening of cement when mixed with 
wood particles, the degree of difficulty varies from species to species 
(Moslemi 1974; Maloney 1989).  The compatibility of wood with cement 
was greatly increased for some of the species by water extraction or by 
addition of chemicals (Abdelgadir and Ibrahim 2003). 
 Cement, although locally available in the country, its cost is still 
relatively expensive.  Such options include the use of appropriate 
manufacturing technology and replacing relatively expensive cement 
with other lower cost materials such as lime and sand which can result in 
significant reduction in production cost.  
  Wood-cement products can provide a better chance for effective 
utilization of the wood of the low value species and wood waste form 
other industries.  Acacia seyal is an example, of a wide-spreading species 
in the drier parts of the world.  It grows in the black cracking clays and in 
clays of seasonally wet depressions of central Sudan.  Acacia seyal trees 
are susceptible to a stem borer known as Sinoxylon senegalense which 
destructs their wood.  The tree is considered as a source of excellent 
charcoal.  The wood is also used as an aromatic smoke and essential 
fume for women in Sudan.  Due to increasing oil production charcoal, 
consumption is decreasing, hence other uses of Acacia seyal wood (such 
as wood composites and wood-cement aggregates should be promoted. 
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1.1.   Objective 
1.1.1. Main objective 
• To study the suitability of Acacia seyal wood for 
manufacturing wood-cement aggregates. 
1.1.2.   Specific objective 
The specific objectives of this study are to investigate the effect of:- 
• Cement/wood ratio, pressure, and calcium chloride content 
on the properties of wood-cement aggregates. 
• Cement/wood/sand ratio and pressure on the properties of 
the wood-cement aggregates. 
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CHAPTER TWO 
2. LITERATURE REVIEW 
 
2.1. History  
 There is currently a renaissance in the manufacture of wood-
cement composites around the world and in the Asia Pacific region in 
particular.  Inorganic-bonded wood composites have a long and varied 
history that started with commercial production in Austria in 1914 
(Youngquist 1999).  Magnetite was first used as the binder for 
lightweight board panels (Deppe 1975).  The most apparent and widely 
used inorganic-bonded composites are those bonded with Portland 
cement.  Efforts are being made to control the performance of low–cost 
building materials for use in developing countries.  For example, in 1987 
Gambia was the first country in Africa to adopt regulations supporting 
the use of indigenous, low–cost building materials suited to the needs and 
financial capabilities of its inhabitants (Anon. 1987).  More recently, the 
Forestry and Forest Products and Research and Development Institute in 
the Philippines and the Australian National University have become 
involved with wood-cement products and some of this work has involved 
wood fiber cement composites (Eusebio et al.1998a and b; Evans et al. 
2000).  The Forestry and Forest Products Research Institute has 
developed a new processing technology for using fast growing trees, 
small diameter logs and sawmill residues to manufacture of a variety of 
wood composites (Miyatake et al.1997).  Research in China has also 
examined the suitability of poplar for other mineral-bonded composites 
such as slag-bonded particleboard and gypsum fiberboard.  A number of 
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studies have shown that a variety of tropical wood species can be used 
for board manufacture (Pablo 1989).  
During the last decades there was a need for cheap and less hazard 
building materials for rural areas where declining standard of living and 
low income are observed.  Previous research work aiming at studying the 
cement wood products and the compatibility of some Sudanese hardwood 
species with local Portland cement started during the 1990’s (Ibrahim 
1995; Abdalla 1998; Mohammed 1999; Hassan 1999 and Hassan 2000). 
 
2.2. Types and uses of cement-bonded products 
Cement bonded products can be classified into four main types, 
namely wood-wool cement board (WWCB), cement-bonded 
particleboard (CBP), wood-fiber reinforced cement composites and 
building blocks.  The technology involved in the manufacture of each of 
these types of composites is briefly described here.  Detailed description 
is available in Moslemi and Hamel (1989).   
 
2.2.1. Wood wool cement board (WWCB) 
 Wood-wool cement board (WWCB) was first developed in 
European countries in the 1920 (Moslemi and Hamel 1989) and it is 
currently manufactured in many countries around the world.  WWCBs 
are becoming an important building material in several tropical countries 
because of their low cost and ease of manufacture, good mechanical and 
insulation properties, modular construction capabilities, and good 
resistance to biodeterioration and fire (Pablo 1989).  The technology for 
making WWCB is well established in the Philippines.  Expansion of the 
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raw material base for the WWCB industry has attracted the attention of 
researchers and manufacturers a like.  WWCB combines the properties of 
two important construction materials: cement and wood; its use is of 
particular interest in countries where climate and environmental 
conditions make extremely durable products essential.   
The wood-wool is approximately 3 mm wide and 0.5 mm thick 
with length of the billets processed by the shredding machines (Evans et 
al. 2000).  Board densities vary between 160 to 600 kg/m³, board 
thickness generally ranges from 25 to 80 mm (Moslemi 1974). 
  
2.2.2. Cement-bonded particleboard (CBP) 
 Cement-bonded particleboard (CBP) is a composite made 
primarily of cement wood and a small amount of additives.  CBP has 
been found to be a good substitute for concrete hollow blocks, plywood, 
particleboard and other resin bonded boards. Cement–bonded 
particleboards were developed in the 1960 and the technology used to 
produce them shows many similarities to that used to manufacture resin-
bonded particleboard (Moslemi and Hamel 1989).  Since then, it has been 
gaining acceptance in many parts of the world as sheet element for the 
building construction industry.  Cement-bonded poplar particleboard has 
been developed in China (Chison et al. 1994).  Untreated poplar wood 
inhibits the setting of cement and therefore the wood needs to be treated 
by physical or chemical methods to increase it.  The density of cement–
bonded poplar particleboard had the largest influence on board 
properties.  Board density varies between 1200 and 1950 kg/m³ (Maloney 
1989) and 1400-1700 kg/m³ (Kavvours 1987).  Common board thickness 
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ranges between 12 and 18 mm, but boards as thin as 8 mm are also 
found.  It is highly resistant to fire, insect and fungal attack and has 
excellent weather ability and good acoustic insulation properties (Deppe 
1974; DinWoodie 1984). 
 
2.2.3. Wood-fiber reinforced cement  
 Wood-fiber reinforced cement composites are manufactured from 
wood-fiber (5%), sand (60%), cement (30%), and aluminum tri-hydrate 
(3.4%)  (W/w).  The wood-fiber, which is usually obtained from softwood 
chemical (Kraft) pulp, acts as a reinforcing agent in the board, a role 
previously played by asbestos fibers in an older generation of building 
materials.  Cement-bonded fiberboard technology uses wood waste or 
agricultural residues for board manufacture and conserving the limited 
supply of commercial wood species (Mallari et al. 1995).  The 
manufacture of wood-fiber reinforced cement composites involves 
washing the sand and reducing it to a fine powder using a ball mill.  
Bales of Kraft pulp are added to a vat containing water and agitated to 
revisers the fiber.  Fibers are then refined or beaten twice in conical 
refiners to increase their ability to interact with sand and cement (Coutts 
and Ridik 1982). 
2.2.4. Building blocks 
 The application of building blocks is for tilting up or paneling 
walls and floors.  There are seven main, well known building blocks, 
amongst these; seven the most commonly used and constitute the major 
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technical types are clay bricks, calcium silicate bricks, concrete bricks, 
stone masonry, concrete blocks, mortars and stabilized earth block. 
These building blocks using cement as a binding agent has found 
popularly in Scandinavian countries using particles of planner shavings 
or wood chips (Maloney 1989).  A number of buildings have been put 
together with this type of material in the United States. 
The blocks are about 20 cm thick, 30 cm high and 121 cm long.  
Blocks of larger size reach approximately 49.9 kg in weight (Maloney 
1989).  Its density makes it suitable for nailing, sawing, drilling, routing, 
sanding, and handling much like any piece of softwood.   
 
2.3. Compatibility of wood with cement 
The ability of wood to combine with Portland cement is termed 
wood compatibility.  Some Researchers have used the compressive 
strength of wood-cement mixtures as an indicator of wood compatibility.  
Lee (1984) used ASTM standard compression test to determine the 
compatibility of several wood species with Portland cement.  In cement-
bonded board (CBB) technology, the compatibility of wood species or 
any agricultural fibrous materials with cement has not always been 
without problems.  One problem that limits wood-cement particleboard 
development is the low level of wood-cement compatibility.  Some 
materials possess a number of organic constituents that have deleterious 
effects on cement curing and hardening.  In fact, in some instances, the 
influence of such substances is so server that cement is inhibited from 
setting, regardless of the time allowed.  Some of the parameters that 
greatly affect board properties are materials compositions such as 
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wood/cement, agri-waste/cement ratio, water/cement ratio and cement 
setting accelerators.  This is due, up to a degree, to natural 
incompatibility existing between wood, organic material, cement, and 
other inorganic binders.  However, it is wood extractives that have been 
thought to be responsible for this incompatibility problem (Moslemi 
1989).  A study on five wood species growing in Sudan (Abdelgadir and 
Ibrahium 2002) revealed that hardwoods in their natural state are 
generally unsuitable for the manufacture of wood-cement composites 
especially at low cement/wood ratios.  Softwoods are generally more 
compatible with cement than hardwoods, although there are exceptions, 
such as western larch (Miller et al. 1991a and b).  
 
2.3.1. Measurement of wood–cement compatibility 
Many investigators have developed methods to classify the 
compatibility of different wood species with cement.  Sanderman and 
Kohler (1964) tested 99 species and classified them according to their 
maximum hydration temperature.  The different species were classified 
as sutable, intermediately suitable and unsutable when their maximum 
hydration temperature was 60 and above, 50-60 and below 50˚C, 
respectively.  Weather wax and Tarkow (1964) also developed an 
inhibitory index (I) by which they indicated the compatibility of different 
species with Portland cement by comparing the extent of wood-cement 
inhibition based on the percentage increase in the setting time.  Equation 
(1): 
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1002,
2,2
×−=
t
ttI                    (1) 
Where:  
         t2 = time to reach maximum temperature of wood-cement mixture.  
         t’2 = time to reach maximum temperature of the neat cement.  
To measure the compatibility of wood and cement, 100 g of cement 
type1 (ASTM Type A, Adelaide Brighton Batch No. 282MA99) was first 
mixed evenly with water at 20ºC in a sealable polyethylene bag for 2 
minutes. The amount of water used was fixed at 0.4 mlg-1 of cement plus 
an extra 0.7 mlg-1 for wood (an oven dry basis) in accordance with the 
recommendations of Hachmi et al. (1990).  A cement hydration 
temperature-logging apparatus similar to that used by Irle and Simpson 
(1993) was used to measure the heat of hydration of six wood-cement 
samples.  According to the hydration rate index (R).   Equation (2): 
t
TT
R minmax
−=                     (2) 
Where: 
           R = hydration rate. 
           Tmax = maximum heat of hydration temperature. 
           Tmin = the minimum temperature attained during the first 5 hours   
                       of  hydration 
            t = time taken to reach Tmax  
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Hofstrand et al. (1984) calculated the neat cement index (value) by using 
the maximum heat of hydration and maximum slope temperature curve   
(S’2- S2).  Equation (3): 
 
 
  
          
(3) 
 
Where: 
     t2 = the maximum temperature of wood-cement mixture. 
    t’2 = the maximum temperature of neat cement. 
    T2 = the time needed to reach maximum temperature of wood- 
              Cement mixture. 
    T’2 = the time needed to reach maximum slope temperature of neat   
           cement. 
   S2 = the maximum slope of temperature of wood-cement mixture. 
   S’2 = the maximum slope of temperature of neat cement 
They used this equation to quantify the inhibitory influence of nine 
timber species on the compatibility of twelve hardwood species of 
Portland cement by monitoring the hydration parameters and time 
required to reach maximum temperature. 
 
2.3.2. Mechanism of cement setting  
 Ready to use Portland cement is composed of a number of 
inorganic compounds, which set and harden in the presence of water. 
100
2,2,2,
)22,)(22,)(2,2( ×
××
−−−=
STt
SSTTttV
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Type1 Portland cement (particle surface area 1600 cm²/g) contains 
tricalcium silicate (3CaO.SiO2) as the most dominant component.  
Hydration of tricalcium silicate starts promptly as soon as it comes in 
contact with water, with the reaction, production of calcium hydroxide is 
observed.  As the process of hydration proceeds librations of calcium 
hydroxide is the main product. The hydration of dicalcium silicate 
(2Ca2O.SiO2) advances only slowly with some time liberation during the 
reaction.  On the other hand, the hydration of tricalcium aluminates 
(3CaO.Al2O3) is more rapid, resulting in the needle like crystals which 
continue to increase in size and amount with the progress of the 
hydration and is capable of rendering the material almost dry.  
Tetracalcium alumina-ferrite (4CaO.Al2O3.Fe2O3) with water, but not as 
the tricalcium alminate, so when tetracalcium alumina-ferrite is mixed 
with water, it shows good crystal formation in a day.  Due to the above-
mentioned facts, the bond with Portland cement is generated through 
crystallization process with masses of interfaced crystal involved.  It is 
believed that the hardening of cement is due to intergrowth of interlocked 
crystals (Moslemi 1974) although other widely different theories on the 
subject have been advanced (Lea 1965). 
 
2.3.3. Inhibition mechanism 
Wood species have been classified as highly suitable, unsuitable 
and less suitable for the manufacture of wood-cement products, or as 
having non-inhibitory, moderately inhibitory (Hachmi and Moslemi 
1989), or highly inhibitory effects on the curing of cement (Alberto et al. 
2000).  The nature and quantity of wood component critically affect the 
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cement hydration and composite strength. The exact cause of cement 
inhibition by wood components is difficult to certain, since a number of 
complex chemical and physical processes are occurring.  
Various compounds are thought to be responsible for the inhibitory 
effect of wood on cement setting, including soluble sugars, 
arabinogalactans, phenolic and other extractives, Geographic location, 
felling season and storage period also influence cement curing through 
their effects on the extractive content of wood (Yosuda et al. 1992).  
Simple wood sugars may migrate to the wood surface during drying.  
Since these sugars contain hydroxyl and carboxylic acid functional 
groups, they may complex with calcium, aluminum, and iron cations in 
the cement to retard (Young 1970) and perhaps disrupt the crystallization 
reaction (Mariampol and skii et al. 1974).  The latter increases the pH of 
the wood-cement mixture to approximately 12.5, which facilitates 
dissolution of wood constituents, particularly low molecular weight 
carbohydrates, and heartwood extractives.  These compounds can 
interfere with cement hydration and setting, resulting in wood-cement 
composites with inferior strength (Sandermann and Koehler 1964).  In 
addition, the hemicelluloses may undergo peeling reactions (Whistler and 
Be Miller 1958). In alkaline cement inhibitory sugar acids are formed 
(Fischer et al. 1974).  The acetyl groups present in the hemicelluloses are 
probably cleaved by the alkali to form potentially inhibitory metal acetate 
compound (Browning 1967; Goldstein 1984).  Non-polar extractives 
such as the terpenes, resins, and fats may also migrate to the wood 
surface during drying.  The hydrophobic surface layer may reduce 
hydrogen bonding between wood and cement thus weaken interfacial 
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bond strength, phenolic compounds such as tannins also have capacity to 
complex with metal ions in cement and potentially inhibit normal 
hydration reactions (Bash and Rakhimbaev 1973). 
 
2.4. Factors affecting the compatibility of wood with  Portland 
     cement 
 The development of cement-bonded wood composites has been 
relatively slow compared with that of organic-bonded wood composites.  
This is mainly due to the extractives present in these woods.  The 
following paragraphs give a brief account on the effect of some of the 
factors on the setting wood cement mixture. 
 
2.4.1. Wood species 
 Experiments using various hardwoods indicated that the 
properties of cement-bonded wood products are very dependant on wood 
species (Hofstrand et al. 1984; Lee et al. 1987; Moslemi and lim 1984).  
The first step in assessing the suitability of wood species for use in 
cement-bonded composites is to test whether the wood significantly 
inhibits the hydration reactions of Portland cement (Sanderman and 
Koehler 1964).  Prior studies suggest that not all hardwood species react 
favorably with Portland cement (Biblis and Lo 1968; Chittenden and 
Dass 1969).  
The varying degrees of incompatibility among hardwood species 
are reported to be related to such wood components as soluble sugars, 
carbohydrates, and other wood extractives (Davis 1966; Deppe 1975; 
Fischer et al.1974).  The percentages of these components are reported to 
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be generally greater in hardwood species than in softwood species (Bison 
1981; Davis 1966; Pinino 1968; Weatherwax and Tarkow 1964).  
The considerable influence of species on hardening of cement can 
constitute a significant problem for a cement-bonded industry where 
residue from a variety of species may have to be accepted as raw 
material.  The high level of species influence on cement setting has been 
cited by a number of researchers (Batyrabev and Akchabaev 1967; 
Bugrina et al. 1968; Buzhevich et al. 1968; Davis 1966; Fischer et al. 
1974; Sanderman 1966; Sanderman et al. 1960; Weatherwax and Tarko 
1974).  Variations on the setting of wood-cement have also been noted 
based on geographic location of the species, felling season, and tree 
components (Sanderman et al. 1960; Stephen et al. 1974).  Milligan 
(1995) tested both the natural cement-compatibility of the wood and its 
compatibility after soaking.  The Acacias were significantly less 
compatible than the Eucalyptus, but there was very high variation within 
all species.  Surprisingly, there was no apparent relationship between the 
trees percentage of heartwood and their compatibility with cement, for 
either the Acacias or Eucalyptus.  Wood samples of E. urophylla and E. 
pellita were reasonably compatible with cement, and these species may 
be suitable for manufacture of WWCBs without the need for soaking.  
For A. mangium at least, the low compatibility of unsoaked samples with 
cement and high variability among provenances makes it difficult to 
recommend any particular provenance for planting as raw material for 
wood–cement composites.  However, several trees from the far north 
Queensland provinces of A. mangium were ranked among the least 
compatible samples, so perhaps these are provenance’s that should be 
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avoided in seed-stock planted to produce WWCB raw materials (Milligan 
1995). 
  
2.4.2. Wood pretreatment and additives addition 
 The strength of cement boards depends on the raw materials, 
treatments, and additives being combined in the mixture.  According to 
Lee et al. (1987), it is vital to develop appropriate pretreatments that will 
increase the compatibility between the raw materials and cement.  
Various treatment and additives especially hot-water extraction of the 
wood and the addition of calcium chloride to the cement have been 
reported to shorten the setting time of wood-cement mixtures (Bibles and 
Lo 1968; Moselmi et al. 1983).  The hot water soluble extractive content 
for various species can range from 1 to 14 percent (Fengel and Wegener 
1984).  Moslemi and Lim (1984), working with 12 hardwood species, 
showed that the removal of wood extractives resulted in reducing the 
time required to reach maximum hydration temperature.  Liu and 
Moslemi (1986) concluded that water soluble wood extractives play a 
dramatic role in cement hardening.  Even the presence of relatively small 
amount of such extractives can be detrimental to cement setting and 
subsequent composite strength development.  Abdelgadir and Ibrahim 
(2003) concluded that extraction with cold water encountered substantial 
improvement in the strength properties of Sudanese hardwoods-cement 
mixture (except Eucalyptus microtheca) and such behavior can be 
attributed to the removal of sugars and water soluble extractives from 
wood by water extraction and neutralizing of sugars.  Experimenting with 
cold water, hot water, and sodium hydroxide (NaOH) in 13 tropical 
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species, Gnanaharn and Dhamodaran (1985) concluded that extraction 
with cold water is sufficient to remove the inhibitory extractives from 
most of the species studied.  Abdelgadir and Ibrahim (2003) also stated 
that the addition of calcium chloride to Sudanese hardwood species 
improved the strength properties of cement-wood mixture.   
In the attempt to improve the setting of cement a number of 
researchers have explored the inclusion of chemical additives.  
Monoethanolamine and diathanolamine (Voitovich and Yavorskii 1972; 
Weather wax and Tarkow 1967), and calcium chloride (Biblis and Lo 
1968; Davis 1966; Flaws, Chittenden 1967; Klar 1975; Krekel 1972; 
Takano et al. 1977) have been used to enhance cement setting.  Other 
additives such as ferric chloride (FeCl3), ferric sulfate (Fe3(So4)3), 
magnesium chloride (MgCl3) and calcium hydroxide (Ca (OH)2) have 
been reported as to lower the inhibitory effects of wood on setting of 
Portland cement (Krekel 1972; Masheheryakova et al. 1969; Takahashi 
et al. 1974).  Research has been carried out on the possibility of using 
teak wood waste as a raw material for cement-bonded board.  Sanderman 
and Kohler (1964) mentioned that, based on results from a hydration test, 
teak was classified as being suitable (good) for cement bonded boards: 
but according to (Kamil 1970) teak is only of moderate suitability for 
cement bonded boards.  Extractives in teak reduce its suitability for 
cement-bonded board (Sanderman and Kohler 1964, Kamil 1970).  Lee 
and Hong (1986) investigated six species and they concluded that the 
addition of 3% CaCl2 (based on cement weight) to the mixtures greatly 
increased the maximum hydration temperature, compressive strength and 
reduced hydration time. 
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Abdlgadir and Abdalla (2005) used different treatment and 
chemical additives for sunt wood.  They treated sunt wood by soaking in 
cold water for 14 days, 1% sodium hydroxide solution for 24 hours and 
lime water.  Chemical additives used were addition of 3% CaCl2 (based 
on cement weight) and addition of 15% lime powder based on cement 
weight.  They concluded that among the pretreatments studied, 15% 
commercial lime powder and soaking in 1% sodium hydroxide solution 
provided the highest improvement in the wood-cement boards.  Milligan 
(1995) has screened 137 inorganic compounds by measuring the cement 
hydration (the rate and effectiveness of cement setting) when each 
compound is added to a mixture of A. mangium wood-wool and cement.  
Several compounds perform better than CaCl2.  In general, Milligan 
(1995) has found that hydration rates are best in the presence of chlorides 
and next best with nitrates.  Compounds of zinc, copper, lead and 
manganese seriously lower the setting of cement, so should be avoided.  
Soaking is still the most simple and effective way of removing inhibitory 
compounds from wood.  Apart from effectiveness, the cost and 
corrosiveness of chemical accelerators must be considered, as well as 
their possible effects on wood-wool strength (Milligan 1995).  
 
2.4.3. Particle geometry 
 It is apparent that the longer and thinner the wood flakes, the 
stronger, stiffer and more stable the cement-bonded wood boards (Badejo 
1988).  The most suitable panel in concern of the above-mentioned 
properties was that made of wood particle flakes having a length of 37.5 
mm and a thickness of 0.25 mm.  In addition, Badejo (1988) found that 
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water absorption and thickness swelling were highly correlated with flake 
length, flake thickness and cement composite density.  Rahim et al. 
(1995) investigated the effect of particle size and the addition of chemical 
to cement-bonded particleboards from presoaked oil palm (Flaeis 
guineesis) on the strength properties of the boards; a conclusion of no 
significant effect of the particle size variation on bending and tensile 
strength was reached by the authors.  Working on Acacia nilotica 
sawdust, Abdalla (1998) noticed that 80% of the particle sizes were 
obtained from the 1 to 4 mesh.  He concluded that, at low cement/wood 
ratios, the higher values of bending strength occurred by using small 
particle size (<2 and >1 mm).  However, no differences were found 
among particle sizes (small, large< 4 and>2 mm) and mixed 50% large 
when cement-wood ratio was increased to 4.  Small and mixed particle 
sizes show the highest bending properties compared to large particles 
when the boards were manufactured under low pressure (0.05 kg/cm2). 
 
2.4.4. Pressure 
There are many techniques used for pressing the wood-cement 
boards, cold press, hot press and steam heated.  Hot press and others for 
example are carried out by placing the formed mat in a press for about 
1.5 minutes.  The mats are then clamped together and removed mold and 
set aside for final curing (Maloney 1989).  Heraklith procedure is to 
continuously press the board by press rolls with a setting time in the 
order of about 30 minutes; it then takes one to two weeks, depending 
upon the board thickness, for final curing of the mortar to take place 
(Maloney 1989). 
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Pressing the mat commonly leads to more interception in the wood 
cement mixture.  Pressings also consolidate materials until the nominal 
board thickness is reached.  Many systems were used to press the boards 
including the use of concrete weight for about 25 hours or applying 
continuous pressure between press roles for half and hour (Moslemi 
1974).  Lee (1984) used a pressure of 400-psi (28 kg/cm2) to press the 
wood-cement mixture.  Abdalla (1998) concluded that for most of the 
physical and mechanical properties of wood-cement mixture, the positive 
effect of pressure is less pronounced if high cement/wood ratio is used.  
When a force is applied to a quantity of soil the material is compressed 
and the proportion of voids decreases.  The more the density of soil can 
be increased, the lower the porosity will be and the more the difficult it 
will be for water to penetrate.  This property results from the tighter 
overlapping of the particles which lowers the risk of the structure being 
modified in the presence of water (Ali 2005; Rigassi 1985). 
 
2.4.5. Cement/wood ratio 
 The cement–wood ratio affects the hydration time, hydration 
temperature and strength properties of the wood cement mixture.  If a 
lower cement/wood ratio is used, wood excelsior will not receive 
adequate cement coating, which results in poor bonding.  If a higher 
cement/wood ratio is used, the compaction ratio (mat to board thickness 
ratio) will be reduced, resulting in lower bending strength (Lee 1984).  
Ibrahim (1995) concluded that the density of the product of the various 
species with cement was significantly different for Eucalyptus 
camaldulensis, she found that there was a significant difference in 
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density between all ratios used in the study (10, 8, 6, 4, and 2 cement); 
compressive strength was highly correlated with the density of the 
mixture which was significantly affected by the species.  For Balanites 
egyptica, differences in cube density were significant between all ratios 
in the various treatment expect ratios 8 and 10 when using untreated and 
water extracted wood.  For Eucalyptus microtheca, the cube density 
showed no significant difference between cement/wood ratios for 
untreated wood; when wood was treated with calcium chloride 
significant differences occurred between all ratios.  For Acacia nilotica, 
all ratios were significantly different from each other regardless of the 
treatment.  For Calatropis procera, differences occurred between all 
ratios 8 and 10 when using wood treated with cold water.  Sudin and 
Ibrahim (1989) reported that increasing the cement/wood ratio in cement 
boards of Acacia mangium caused increase in the strength properties and 
decrease in thickness swelling of the boards.  Abdalla (1998) concluded 
that, when cement/wood ratio rises from 2 to 4, positive effect of 
pressure is less correlated in most of the physical and mechanical 
properties. 
 
2.4.6. Board density 
Ways must be found to reduce board density, while, partially 
improving strength properties.  Wood cement panels (particleboard and 
flake board which have a usable density that range between 900 and 1400 
kg/m3 can be sawn and nailed; above this range sawing will be difficult.  
For most construction purposes the densities used range between 240 and 
420 kg/m3 (Moslemi 1974).  Lee and Hong (1987) found that the density 
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of the compression sample studied is linearly proportional to the 
cement/wood ratio and wood species has very little effect on the density 
of wood-cement mixture and concluded that the final density of the board 
is affected by cement/wood ratio.  Ibrahim (1995) concluded that 
compressive strength was reduced as cement/wood ratio decreased.  
Milligan (1995) has evaluated the density, percent of heartwood, and 
wood–cement compatibility of several species and provenances of 
tropical Acacias and Eucalyptus.  The trees, growing in north 
Queensland, had originated in three areas of Papua New Guinea, two 
parts of far north Queensland and two areas of Indonesia.  Milligan 
(1995) measured the densities and proportions of heartwood and 
sapwood in core samples taken from each tree, then sliced them into thin 
flakes similar to wood wool, and tested their compatibility with Portland 
cement.  An unexpected bonus at this stage of the project was the 
discovery that one provenance of A. mangium from Papua New Guinea 
had much higher wood density than other provenances tested, making it 
potentially useful to the pulping industry.  Wood species has very little 
effect on the density of wood-cement mixture.  Oyagade (1990) reported 
that increasing density due to increase in cement/wood ratio resulted in a 
decreased bending strength.   
2.4.7. Effect of the amount of water used in the wood cement 
        aggregates 
 In a wood-cement water system, water comes from three different 
sources water in the wood, water in the additives, and the added water 
(Lee et al. 1987).  Weatherwax and Tarkow (1967) suggested that the 
water needed to mix cement and wood is about 2.7 ml for each gram of 
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wood (oven dry base) and 0.25 ml for each gram of cement.  Oyagade 
(1990) held the amount of water for blending at a constant 25% of the 
mass of cement.  She noted that, theoretically, dry cement requires an 
amount of water equivalent to 23% of its own weight for the hydration in 
order to obtain a uniform coating of the cement on the wood particles and 
for the hydration process to proceed to completion, an amount of water in 
excess of that theoretically required for the hydrolysis process is 
essential.  Simatupang (1979) concluded that the optimum water-cement 
ratio for cement-wood mixture is in aversely proportional to the specific 
weight of wood. 
2.5. Genreal descripition of species 
2.5.1. Acacia seyal 
Botanical Name: Acacia seyal Del. 
Synonyms:         Acacia stenonarpa Hochsi. Ex A. Rich, 
                          Acacia hockii De Wild 
Family:             Mimosaceae (van Maydell. 1986) 
There are two races or varieties that occur in Sudan: var. seyal 
without inflated spine and the green white to red bark, wide spread in 
grass and woodland savanna on cracking clays; and var. 
fistula(Schewinf.) with inflated spines and the whitish (creamy) bark in 
deciduous forests on clay of seasonally wet depressions (El Amin. 1990).  
Acacia seyal is native to the Sahlian zone from Senegal to Sudan.  It is 
also found in Egypt and eastern and southern Africa from Somalia to 
Mozambique and Namibia (National Academy of Science 1980). 
2.5.1.1. Acacia seyal var. seyal  
Accepted variety:   Acacia seyal Del. Var. seyal Berman. 
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Synonyms:             Acacia stenocarpa Hochsl.ex A. Rich, 
                              Acacia flava (Forssk.) Schweinf. var.seyal (Del.) Rol.  
Vernacular names: Mimosa epineax (French), talh, Talh ahmar (Arabic) 
This variety found mostly in immense pure stands in Alhwata region 
(Appendix figure 1) its red bark and the obi triangular or flat-topped 
crown are very typical. 
Description 
This tree is 3-17 m high.  The bark is powdery or red without 
inflated spines, fruit falcate, dehiscent, pods constricted between the 
seeds.  Branches are cut to make thorny fences and forage.  Smoke from 
the wood is said to be a good insect repellent.  Lopping for forage is a 
common practice in many parts of Africa as the leaves, pods, young 
shoots and even bark may be eaten.  A commercial gum is produced from 
the tree, formally being marketed with that of A. senegal (Hashab) and 
although it is of lower quality, it is still estimated to make up about 40 % 
of Sudan export of Acacia gum.  The gum is also mixed with the pulp of 
Balanites aeygptiaca fruit to produced a syrup.  Also bark, leaves and 
gum are used in local medicine (Van Maydell 1986).  Pods and bark 
contain about 20 % tannin. 
Uses and values: 
Good fuel wood and charcoal can be obtained from this tree its an 
important source of rural energy as both firewood charcoals (John 1993).  
The firewood produced is not of good quality, the thermal value is low 
and wood can not be stored as it is readily attacked by insects and fungi 
(Ibrahim 1999).  Wood is used in Sudan to make a fragrant fire over 
which women perfume themselves.  
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CHAPTER THREE 
3. MATERIALS AND METHODS 
 
3.1. Materials  
 
3.1.1. Wood samples collection & preparation 
 
The wood species used in this study was A. seyal. var. seyal (El 
Amin 1999). The samples were randomly selected.  The wood material 
was brought from Wad El Basher Forest (Appendix figure 1) of Alhwata 
Forest Circle.  It is one of the forest circles belonging to the National 
Forests Corporation in Gadarif State in Eastern Sudan.  Al Hwata Forest 
Circle is located between latitudes 12°45¯-13°54¯ N and longitudes 34°1¯ 
-35°1¯.  It consists of 106 forests. Wad El Basher Forest is one of them 
with a total area of 8241 feddans.  The area of the natural forests is about 
3241 feddan and the cultivated area is about 5000 feddans.  The tree 
species found there are A. seyal, A. millefera, and A. senegal. 
Six trees with diameters between 6.8 and 15.5 cm and heights 
between 12 and 16 m were felt in June 2003.  Each log was cut, debarked 
using an axe (Plat1).  The logs were chipped manually using a hammer 
and a chislle (Plate 2), and then air-dried at room temperature.  chips 
were grounded in a hammer-mill (YOSHIDA SEISAKUSHO TEL) into 
particles (Plate 3) and screened using sieves (Plate 5) by a shaker 
(Apparatebau JEL.Engels MannAGLudwig shfen/Rhein) (Plate 4) into 
different sizes.  Moisture content was measured by putting the chips in an 
oven (MEMERT LABORATORY SUPPLY COMPANY OLLMANN 
330°C, 220 v Made in Western Germany) at 103±2°c for 24 hours.  The 
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chips were kept in a dissector containing silica gel till they cool, then 
they were weighed using a sensitive balance (Plate 8) (Satorius 11216 
MP) and were put back in the oven for one hour.  A constant weight was 
obtained after repeating the mentioned procedure twice.  Moisture 
content was calculated by equation (4):  
% 100
ODW
GWMC=                  (4) 
 
Where: 
         MC = Moisture content  
        GW = Green weight 
        ODW = Oven dry weight  
The oven dried weight was obtained by multiplying the dryness factor by 
the green weight and the dryness factor was calculated by the equation 
(5): 
GW
DWDF=                             (5) 
Where: 
             DF = Dryness Factor 
             DW = dry weight 
             GW = green weight 
So that particles were classified into different sizes (Plate 6).  Only the 
material remaining on mesh 10 mm, 20 mm, and 40 mm were used in 
these experiments.  Screened particles were kept in plastic bags to be 
used for the preparation of test specimens. 
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3.1.2. Cement  
The cement used in this study was ordinary Portland cement, 
produced at Atbara cement Company Limited complying with 
BS.12:1958.  As an inorganic binder, Portland cement contains four basic 
chemical elements, namely silicon, iron, calcium, and aluminum usually 
as oxides of elements.  
A large number of other minor elements with possible presence in 
cement is unessential and is represented by relatively small quantities of 
the basic iron and aluminum elements; the existence of only one of the 
two is required in the production of cement. 
 
3.1.3. Sand 
Sand (Plate 7) is made up of mineral particles, the size of which 
ranges between approximately 0.06 and 2 mm.  When moistened, 
however, they display apparent cohesion as a result of the surface tension 
of the water occupying the voids between the particles.  (Regassi 1985). 
 
3.1.4. Chemicals 
Calcium chloride was used as an additive to improve the properties 
of the wood-cement mixture.  Three percent solid content calcium 
chloride (based on cement weight) in liquid form was added to each 
experiment unit or specimen. 
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3.3. Methods 
3.3.1. General 
This study consisted of two experiments; the second experiment is 
depended on the results of the first one.  The experiments were: 
1- Effect of cement/wood ratio, calcium chloride content and pressure on 
the properties of wood-cement aggregates. 
2- Effects of pressure and the addition of sand to cement on the 
properties of wood-cement aggregates. 
 
3.3.2. The Effect of cement/wood ratio, calcium chloride             
content and pressures on the properties of wood-cement 
aggregates 
  
 The first experiment was designed to investigate the effect of 
cement/wood ratio, calcium chloride content and pressures on the 
properties of wood-cement aggregates.  Cement and wood were hand 
mixed (Plate 9) at four ratios, namely 3.5:1, 3:1, 2.5:1, and 2:1.  Three 
levels of calcium chloride content were used, namely 1%, 2% and 3%.  0 
and 4 N/mm2 pressure were applied.  Three replicates were prepared for 
each combination of the three factors.  In totaling 72 specimens were 
prepared and two pressure (0 and 4 N/mm2) were applied.  The quantity 
of distilled water added was calculated using a relationship developed by 
Simatupang (1979).  The water requirement was determined as follows 
(Equation 6): 
WMCClitersWater ×−+= )3.0(35.0)(         (6) 
Where:  
           C = cement weight (kg) 
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          MC = wood moisture content (oven-dry basis)  
          W = oven-dry wood weight (kg) 
The mixture was kept in two moulds (Plate 10).  The first one was locally 
designed from two metal sheets each one, 7×7×7cm 
(length×width×thickness, respectively). The second one was locally 
designed from two metal sheets each one 28 cm long and 15 cm high and 
consists of a wooden base divided by pieces of wood into 4 chambers 
each one 7×7×15 cm on pressing, 4 pieces of wood 7×7×8 cm were used 
on top of each chamber to press the sample to the size 7×7×7 cm. When 
no pressure was applied using the first moulds to kept the aggregate by 
hand for 24 hours. And when pressure 4 N/mm2 was applied using the 
second one to press the aggregate by a locally modified hydraulic press 
system (Plate 11, 12).   After 24 hours, the samples were removed from 
the moulds (Plate 13), soaked in water in plastic containers for cubes 
curing (Plate 14), and left to cure for 28 days.  The samples were then 
air-dried for 7 days and then tested for density and water absorption 
samples were air-dried further for 3 days and subjected to a compression 
test using a universal- testing machine (Plate 15) the same procedure was 
repeated for experiments two. 
 
3.3.3. The effect of cement/wood/sand ratio and pressure on the 
properties of wood-cement aggregates. 
 
The second experiment was designed to investigate the effect of 
cement/wood/sand ratio and pressure on the properties of wood-cement 
mixture.  Two cement/ wood ratio levels were used namely 3:1 and 2:1. 
Three  pressures  levels  were  used  namely 5,  12.5  and 20   (N/mm2). 
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A mixture of cement/wood/sand in different ratios (2:1:1, 2:1:1.5, 2:1:2, 
3:1:1, 3:1:1.5 and 3:1:2) in calcium chloride 3% was prepared.  Tree 
replicates for any sample unit have been prepared.  In total 72 specimens 
were produced following this procedure.  Portland cement and wood 
(taken on oven dry basis) were hand mixed.  Water treatment as 
explained in the first experiment was applied.  The mixture was kept in 
the second moulds to press the sample to the size 7×7×7 cm using a 
locally modified hydraulic press system. 
 
3.4. Determination of density  
Density (kg/m3) for each specimen (7×7×7 cm) was calculated by 
dividing the oven-dried weight over green volume of the specimens. 
 
3.5. Determination of water absorption  
Based on the initial oven dry weight of the specimens water 
absorption percentage was calculated after soaking in water for 2 and 24 
hour. 
 
3.6. Compressive testing  
The specimens prepared in each of the above-mentioned 
experiments were tested for compressive strength using a universal 
testing machine as prescribed in British Standard (BS/12, 1958).  The 
cubes were tested on their sides without any packing between the cube 
and the steel platens of the testing machine.  One of the platens was 
carried on a ball and hence for self-adjusting.  The load was steadily and 
uniformly applied starting from zero at a rate of 60 ton per minute.  The 
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compressive strength was calculated by dividing the maximum loads by 
the cross sectional area of the cube samples.  Maximum load in kilogram 
has been recorded and compressive strength in N/mm2 was worked out.   
 
3.7. Statistical analysis  
The data were entered in an electronic spreadsheet and were 
analyzed using SAS statistical package (SAS 1990).  The analysis 
includes analysis of variance to test the significance of the studied factors 
and Duncan Multiple Range Test for mean separation.  
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Plate 1. Debarked log                                               Plate 2. Chipping    
 
 
 
  
 
 
 
 
 
 
 
Plate 3.  Hammer-mill                                                     Plate 4. Shaker 
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   Plate 5. Sieves                                                  Plate 6.  Particle Size 
 
 
 
 
 
 
 
  
 
 
      
  Plate 7. Sand                                              Plate 8. Weighting particles                          
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Plate 9. Mixing of materials                         Plate 10.  Moulds 
                                                        
 
  
 
 
 
 
 
 
 
 
Plate 11. Hydraulic Press                             Plate 12. Pressing methods 
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 Plate 3. Specimens                                   Plate 14. Specimens curing 
 
 
 
 
 
 
 
 
 
 
  Plate 15.Universal testing machine          plate 16. Specimens after test 
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CHAPTER FOUR 
4. RESULTS AND DISCUSSION 
 
4.1. Experiment 1: Effect of cement/wood ratio, calcium chloride content  
       and applied pressure on the properties of wood-cement aggregates 
 
Results of the analysis of variance are presented in Appendix Tables 1 
and 2.  The coefficient of determination (R2) for the four studied variables 
ranged between 0.957 (water absorption after 24 hour) and 0.986 (compressive 
strength).  This means that more than 95.7% of the variation in these variables 
could be explained by the studied factors and their interactions.  Each of the 
three main factors (cement/wood ratio, calcium chloride content and pressure) 
had significant influence on the properties of wood-cement aggregates. 
However, the three-way interaction terms were significant (p≤0.0343) for all 
variables. These results indicate that the ranking of differences between mean 
value of calcium chloride content (for a given wood-cement property) were 
different in the various combinations of cement/wood ratios and pressures.  
Similar interpretation can be given for the main effect means of cement/wood 
ratio or pressures.  Results of the mean separation tests for each of the three 
factors (at each combination of the levels of the other factors) are given in 
Tables 1 to 7 and Figures 1 to 4. 
 
4.1.1. Effect of calcium chloride content 
The effect of calcium chloride (CaCl2) content (3%, 2% and 1%) on the 
properties of wood-cement aggregate are given in Tables 1, 2 , 3 and 4 for 
cement/wood ratios 2:1, 2.5:1, 3:1 and 3.5:1, respectively. 
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4.1.1.1. At ratio 2:1 
When the wood-cement aggregate were not pressed, the differences 
between the added calcium chloride content on compressive strength and 
density were highly significant (p ≤ 0.01).  Similar results were obtained at 
pressure 4 N/mm2 for the effect of CaCl2 content on the compressive strength 
and water absorption after 2 hours.  There were no significant differences 
between CaCl2 content for water absorption after 2 and 24 hours when no 
pressure was applied and for density and water, absorption after 24 hours when 
4 N/mm2 pressure was applied (Appendix Table1). 
The three levels of CaCl2 were significantly different from each other in 
compressive strength at the two applied pressures (Table 1).  The addition of the 
higher level of CaCl2 (3%) persistently resulted in the greater compressive 
strength (6.78 N/mm2 and 14.51 N/mm2 at pressures 0 and 4 N/mm2, 
respectively).  The aggregates containing 1% CaCl2 had the lowest compressive 
strength (2.68 N/mm2 and 6.01 N/mm2, respectively). 
Accordingly, the addition of increased amounts of CaCl2 improved the setting of 
talh wood-cement aggregates.  Increasing the amount of the added CaCl2 from 1 
to 2% and from 1 to 3% resulted in a respective increase of 75% and 153% when 
the aggregates were not pressed, and 47% and 141% when a pressure of 4 N/mm2 
was applied to the aggregates.  The above results agree with the findings of 
several researchers (Kayahara et al. 1997; Lee and Short 1989; Soriano et al. 
1998) who reported that CaCl2 in particular has been successfully used to 
improve the strength properties of wood-wool cement board.  Also these results 
agree with the findings Hassan (2000), who reported an increase in compressive 
strength with increasing amounts of added CaCl2.  In addition, these results 
confirmed the findings of several other researchers (Abdelgadir and Abdalla 
2005; Abdelgadir and Ibrahim 2003; Bibils and Lo 1968; Davis 1966;  Krekel 
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1972; Klar 1975; Lee 1984; Liu and Moselmi 1985 and Shukla et al. 1984) who 
worked on softwood and hardwood species and stated that the addition of CaCl2 
to these species improved the strength properties of Cement-wood mixture 
through enhancing cement crystallization and interlocking growth. 
 
4.1.1.2. At Ratio 2.5:1 
Data presented in Table 2 show that the effect of calcium chloride content 
on compressive strength and water absorption after 2 and 24 hours was 
significant at a pressure of 4 N/mm2 (p=0.0001).  When no pressure was 
applied, the effect of CaCl2 content was highly significant on compressive 
strength and density.  Un pressed, aggregates with various CaCl2 content did not 
differ significantly from each other in water absorption after 2 and 24 hours.  
Similar results were obtained at pressure 4N/mm2 for the effect of CaCl2 content 
on density.  The results indicate that there was no significant change in water 
absorption after 2 and 24 hours when no pressure was applied with increasing 
amounts of CaCl2.  The above results agree with the findings of Hassan (2000), 
who reported that there was no significant change in water absorption with 
increasing amount of CaCl2.  Additionally, these results confirmed the findings 
of other researchers e.g (Hassan 1999) who worked on Acacia nilotica species 
had considered that water absorption is not affected by increasing the CaCl2 
content.  
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Table 1.  Effect of calcium chloride content on the properties of wood-cement aggregates at 
cement/wood ratio 2:1 for two pressures (0,4 N/mm2)             
Pressures 
 
(N/mm2 ) 
Calcium 
chloride 
(%) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
3 1.02 A 47.28 A 49.44 A  6.78 A 
2 0.92 B 46.60 A 49.57 A  4.69 B 
 
0 
1 0.97 C 47.40 A 49.45 A  2.68 C 
3 1.24 A 40.25 A 41.35 A 14.51 A 
2 1.24 A 41.66 A 42.27 A  8.84 B  
 
4 
1 1.24 A 36.36 B 40.51 A  6.01 C 
For each pressure, in the same column means with the same letter are not significantly 
different from each other (p=0.05) 
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Table 2.  Effect of calcium chloride content on the properties of wood-cement aggregates at 
cement/wood ratio 2.5:1 for two pressures (0,4 N/mm2) 
Pressures 
 
(N/mm2 ) 
Calcium 
chloride 
(%) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
3 1.18 A 46.12 A 49.31 A 7.06 A 
2 1.08 B 46.75 A 48.71 A 5.31 B 
 
0 
1 1.08 B 44.93 A 46.47 A 3.59 C 
3 1.34 A 38.90 B 39.67 B 16.65 A 
2 1.34 A 41.21 A 41.94 A 13.75 B 
 
4 
1 1.34 A 35.13 C 39.65 B 12.02 B 
 
For each pressure, in the same column means with the same letter are not significantly 
different from    each other (p=0.05) 
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 4.1.1.3. At ratio 3:1 
There were significant differences between calcium chloride (CaCl2) contents 
on compressive strength and water absorption after 2 and 24 hours for pressure 
4 N/mm2 and compressive strength and water absorption after 24 hours when no 
pressure was applied.  When the wood-cement aggregates were not pressed, the 
differences between the added CaCl2 content on water absorption after 2 hours 
and density were not significantly different.  Similar results were obtained at 
pressure 4N/mm2 for effect of CaCl2 content on the density (Table 3).  
Accordingly, at 3% CaCl2   the average amount of water absorption after 2 and 
24 hours was 37.63% and 38.54%, respectively which decreased to 33.47% and 
37.2%, respectively when the CaCl2 was decreased to 1%. This result is in 
agreement with previous findings (Sulastiningsih et al. 2000) who reported that 
at higher CaCl2 content water absorption increased slightly. 
 
4.1.1.4. At Ratio 3.5:1 
Table 4 shows the effect of calcium chloride (CaCl2) content on compressive 
strength and water absorption after 2 and 24 hours for pressure 4 N/mm2 was 
highly significant (p ≤ 0.01).  The same effect of CaCl2 content on compressive 
strength  when no pressure was applied.  There were no significant differences 
between CaCl2 content on the density and water absorption after 2 and 24 hours 
without pressure and the density when 4 N/mm2 pressure was applied.  The 
results indicate that there was no significant change in density with increasing 
amount of CaCl2.  The above results agree with the findings of Hassan (2000), 
who reported that there was no significant change in density with increasing 
amount of CaCl2.  As well, these results confirmed the findings of other 
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Table 3.  Effect of calcium chloride content on the properties of wood-cement aggregates at 
cement/wood ratio 3:1 for two pressures (0,4 N/mm2) 
Pressures 
 
(N/mm2 ) 
Calcium 
chloride 
(%) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 hours
(%) 
Compressive 
strength 
( N/mm2 ) 
3 1.16 A 40.93 A 42.15 B 7.62 A 
2 1.16 A 43.31 A 46.21 A 5.44 B 
 
0 
1 1.16 A 41.93 A 45.10 A 3.81 C 
3 1.46 A 37.63 B 38.54 B 17.20 A 
2 1.46 A 40.71 A 41.08 A 14.80 B 
 
4 
1 1.46 A 33.47 C 37.20 C 13.26 C 
For each pressure, in the same column means with the same letter are not significantly 
different from each other (p=0.05) 
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Table 4. Effect of calcium chloride content on the properties of wood-cement aggregates at 
cement/wood ratio 3.5:1 for two pressures (0,4 N/mm2) 
Pressures 
 
(N/mm2 ) 
Calcium 
chloride 
(%) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
3 1.27 A 35.00 A 37.30 A 10.84 A 
2 1.27 A 36.14 A 38.56 A 7.33 B 
 
0 
1 1.27 A 36.00 A 38.70 A 5.57 C 
3 1.47 A 34.19 B 36.18 B 21.87 A 
2 1.47 A 38.57 A 38.92 A 16.00 B 
 
4 
1 1.46 A 27.21 C 34 .00 C 14.46 B 
For each pressure, in the same column means with the same letter are not significantly 
different from each other (p=0.05) 
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researchers Hassan (1999) who reported that density was not affected by 
increasing the CaCl2 content. 
4.1.2. Effect of cement/wood ratio 
Figure 1 shows that the density of the different aggregates. At all 
pressures and the three accelerator levels the 3.5:1 ratio produced the highest 
density of 1.47 g/cm3 and 1.27 g/cm3 respectively, while the 2:1 aggregates 
containing all three accelerators and tow pressures had the lowest density 0.92 
g/cm3 and 1.24 g/cm3 respectively.  These results are due to the fact that the 
3.5:1 block contained more cement which is much denser than wood particles.  
The above results agree with the findings of Oyagade (1990) who reported that 
increasing density is due to increase in cement-wood ratio.  In addition, these 
results confirmed the findings of several other researchers, e.g Lee and Hong 
(1987) who concluded that the final density of the board is affected by 
cement/wood ratio. As expected, the water absorption of the aggregate was 
affected by ratios (Figure 2 and 3) show that the effect of ratio 2:1 and 2.5:1 
containing 2% CaCl2 when no pressure and 4N/mm2 pressure were applied did 
not differ significantly from each other.  Similar results were obtained at ratio 
2:1, 2.5:1that containing 3% CaCl2 when no pressure was applied.   
Generally, aggregates with 3.5:1 and 3:1 ratio had absorbed less water.  
All ratios show significant differences from each other.  Figure 2 and 3 showed 
that when the ratio increased water absorption decreased.  This result agrees 
with the findings of Tuico (1994).  She found that boards with higher cement: 
coconut coir dust ratio absorbed less water than boards with a lower ratio.  
Mallari (1994) also obtained similar findings for wood wool-cement boards 
manufactured from Molucan sau (Paraserianthes falcataria Niel-Sen).  In 
addition, these results confirmed the findings of several other researchers 
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Dwight et al. (2000) also found that boards with 50:50 wood-cement ratios 
contain more wood than those with 30:70 wood-cement ratios and absorbed 
more water.  Also these results agree with the findings of Andrew et al (2000), 
who reported that boards with cement/wood ratio of 60:40 absorbed less water 
than boards with 50:50 cement/wood ratios. 
Figure 4 shows that block with a cement/wood ratio 3.5:1, 2:1 at two 
pressures and three levels CaCl2 were significantly different in compressive 
strength.   However, aggregates with 3:1 and 2.5:1 wood/cement ratio with 1%, 
2% and 3% CaCl2 at no pressure level were not significantly different from each 
other.  Accordingly, when cement-wood ratio was increased the compressive 
strength increased. One example is that at 3% CaCl2 for ratio 2:1 and 3.5:1 at 
the two pressure levels  (0,4N/mm2) had compressive strength 6.78 N/mm2, 
10.84 N/mm2 and 14.5 N/mm2, 21.87N/mm2 respectively.  These results agree 
with the results reported by Lee et al (1987) and  Ibrahium (1995)  that 
compressive strength of cement wood mixture were significantly increased as 
cement-wood ratio were increased.  In addition, these results confirmed the 
findings of other researchers Sudin and Ibrahim (1989) who reported that 
increasing the cement/wood ratio in cement boards of Acacia mangium caused 
increase in the strength properties. Generally, blocks mixed at the highest 
cement/wood ratio (3.5:1) and with 3% CaCl2 had the highest compressive 
strength (10.84 N/mm2 and 21.87 N/mm2 respectively) and density (1.27 g/cm3 
and 1.46 g/cm3 respectively); this was true despite the use of (0,4 N/mm2) 
pressure (Tables 4 and 7).  This agrees with the findingd of Abdelgadir and 
Ibrahium (2003) who concluded that at cement/wood ratio of 2:1 of sunt wood 
species (Acacia nilotica), combire with the addition of 3% CaCl2 the aggregates 
gain compressive strength of 0.98 N/mm2. 
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Figure 1: Effect of wood/cement ratios on the density of wood/cement aggregates at (A) 1%, 
                (B) 2%, and (C) 3% calcium chloride content for two pressures (0 and 4 n/mm2) 
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Figure 2: Effect of wood/cement ratios on the water absorption after 2h of wood/cement aggregates 
                at (A) 1%, (B) 2%, and (C) 3% calcium chloride content for two pressures (0 and 4 n/mm2) 
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Figure 3: Effect of wood/cement ratios on the water absorption after 24h of wood/cement aggregates 
                at (A) 1%, (B) 2%, and (C) 3%  calcium chloride content for two pressures (0 and 4 n/mm2)  
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  Figure 4: Effect of wood/cement ratios on the compressive strength of wood/cement aggregates 
             at (A) 1%, (B) 2%, and (C) 3%  calcium chloride content for two pressures (0 and 4 n/mm2)  
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4.1.3. Effect of pressure 
There were significant differences between the effect of pressure on 
compressive strength, density and water absorption after 2 and 24 hours 
regardless of the calcium chloride (CaCl2) content (Tables 5, 6 and 7).  The 
water absorption (2 and 24 hours)of wood-cement aggregates decreased such as 
exemply fite effect of no-pressure and 4N/mm2 on water absorption for ratio 2:1 
at 1% CaCl2 produces 47.4% and 36.35% respectively Table 5.  These results 
showed that density and compressive strength were increased and water 
absorption decreased when pressure was increase.  The above results agree with 
the findings of Abdalla (1998), who reported that there is a tendency for 
increase in compressive strength when applying pressure. In addition, these 
results confirmed the findings of other researchers Hassan (1999) reported that 
increasing pressure from low  to high level result in significant increase in 
compressive strength and decrease in water absorption.  
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Table 5.  Effect of pressure (0,4 N/mm2) on the properties of wood-cement 
aggregates at different cement/wood ratios and 1% calcium chloride  
Ratios Pressures 
 
(N/mm2 ) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 
hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
0.97 B 47.4 A 49.4 A 5.57 B 
2:1 
0 
4 1.24 A 36.35 B 40.51 B 6.01 A 
1.08 B 44.93 A 46.47 A 3.81 B  
2.5:1 
0 
4 1.34 A 35.13 B 39.65 B 12.02 A 
1.16 B 41.81 A 45 A 3.59 B  
3:1 
0 
4 1.46 A 33.47 B 37.19 B 13.26 A 
1.26 B 35.95  A 38.7 A 2.68 B 
3.5:1 
0 
4 1.47 B 27.21 B 34.8 B 14.45 A 
For each ratios, in the same column means with the same letter are not significantly different 
from each other (p=0.05) 
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Table 6. Effect of pressure (0,4 N/mm2) on the properties of wood-cement aggregates at 
different cement/wood ratios and 2% calcium chloride  
Ratios Pressures 
 
(N/mm2 ) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 hours
(%) 
Compressive 
strength 
( N/mm2 ) 
0.92 B 46.6 A 49.57A 4.69 B 
2:1 
0 
4 1.24 A 41.66 B 42.27 B 8.84 A 
1.08 B 46.75 A 48.71 A 5.31 B 
2.5:1 
0 
4 1.34 A 41.21 B 41.94 B 13.75 A 
1.15 B 43.31 A 46.21 A 5.44 B 
3:1 
0 
4 1.46 A 40.71 B 41.08 B 14.8 A 
1.27 B 38.57 A 38.92 A 7.33 B 
3.5:1 
0 
4 1.47 A 36.14 B 38.56 A 15.99 A 
For each ratio, in the same column means with the same letter are not significantly different 
from each other (p=0.05) 
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Table 7.  Effect of pressure (0,4 N/mm2) on the properties of wood-cement aggregates at 
different cement/wood ratios and 3% calcium chloride 
Ratios Pressures 
 
(N/mm2 ) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
1.02 B 47.28 A 49.44 A 6.78 B 
2:1 
0 
4 1.24 A 40.25 B 41.35 B 14.5 A 
1.18 B 46.12 A 49.31 A 7.62 B  
2.5:1 
0 
4 1.34 A 38.9 B 39.67 B 16.65 A 
1.16 B 40.93 A 42.15 A 7.06 B  
3:1 
0 
4 1.47 A 37.63 B 38.54 B 17.2 A 
1.27 B 38.1A 39.3 A 10.84 B 
3.5:1 
0 
4 1.46 A 34.19 B 36.18 B 21.87 A 
For each ratios, in the same column means with the same letter are not significantly different 
from each other (p=0.05) 
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4.2. Experiment 2: Effect of cement/wood/sand ratio, and pressure on the  
       properties of wood-cement aggregates 
Results of the analysis of variance are presented in Appendix Tables 3 
and 4.  The coefficient of determination (R2) for the four studied variables was 
high and ranged between 0.985 (water absorption after 24 hour) and 0.996 
(compressive strength).  This means that more than 98.5% of the variation in 
these variables could be explained by the studied factors and their interactions.  
Each of the two main factors (cement/wood/sand ratio and pressures) had 
significant influence on the properties of wood-cement aggregates.  However, 
the two-way interaction terms were significant (p≤0.01) for all variables.  These 
results indicate that the ranking of or differences between means of 
cement/wood/sand ratio (for a given wood-cement property) were different in 
the various levels of pressure.  Similar interpretation can be given for the main 
effect means value of pressure.  Results of the mean separation tests for each of 
the two factors (at each level of the levels of the other factor) are given in 
Tables 8 to 13.   
 
4.2.1. Effect of cement/wood/sand ratio 
There were significant differences between all cement/wood/sand ratio 
for all variables when pressure 5, 12.5 and 20 (N/mm2) were applied (Appendix 
Table 3). 
 
4.2.1.1. At 2:1 cement/wood ratio 
The effect of cement/wood/Sand ratio (2:1:0, 2:1:1, 2:1:1.5 and 2:1:2) on 
the properties of wood-cement aggregates are given in Table 8 for pressure 5 
N/mm2 and 12.5 N/mm.  At pressure 5 N/mm2, the effect of cement/wood/sand 
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ratio on compressive strength, water absorption (2 and 24 hours) and density 
was highly significant (p ≤ 0.01).  Similar results were obtained at pressure 12.5 
N/mm2. An increase in the proportion of sand in the mixture caused a 
subsequent increase in compressive strength and density and decrease in water 
absorption.  When the cement/wood ratio was 2:1, the samples lost water and 
part of the cement during pressing at pressure 20 N/mm2.  This has probably 
affected their consolidation and resulted in a reduced strength. 
   
4.2.1.2. At 3:1 cement/wood ratio  
The effect of cement/wood/sand ratio was significant on all of the studied 
properties regardless of the pressure applied (Appendix Table 3).  At pressure 5, 
there were no significant differences on compressive strength, density and water 
absorption after 24 hours between cement/wood/sand ratios 3:1:1 and 3:1:1.5. 
However, their values were significantly lower than the values of ratio 3:1:2 and 
higher than the values of ratio 3:1:0 (Table 9).  At pressures 12.5 and 20 
(N/mm2), there were significant differences between all ratios for all of the 
studied properties.  An increase in the proportion of sand in the mixture caused 
a subsequent increase in compressive strength and density and decrease in water 
absorption. 
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Table 8.  Effect of cement/wood/sand ratio on the properties of wood-cement aggregates at 
cement/wood ratio 2:1 for pressures 5 and 12.5 (N/mm2)  
Pressures 
 
(N/mm2 ) 
Cement/wood/sand 
ratios 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 
hours 
(%) 
Water 
absorption 
after 24 
hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
2:1:0 1.35  D 23.01  A 24.06  A 15.53  D 
2:1:1 1.40  C 19.10  B 20.32 B 16.85  C 
2:1:1.5 1.51  B 17.41  C 18.46  C 18.46  B  
5 2:1:2 1.65  A 13.89  D 14.62  D 19.83  A 
2:1:0 1.62  D 21.42  A 22.94  A 4.04  D 
2:1:1 1.86  C 14.76  B 15.83  B 7.15  C 
2:1:1.5 1.90  B 9.50  C 10.65  C 9.16  B  
12.5 2:1:2 2.11  A 6.81  D 9.12  D 11.31  A 
In the same column, for each pressure, means of cement/wood/sand ratios, with the same 
letter are not significantly different from each other (p=0.05) 
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Table 9.  Effect of cement/wood/sand ratio on the properties of wood-cement aggregates at 
cement/wood ratio 3:1 for pressures 5, 12.5, and 20 (N/mm2)  
Pressures 
 
(N/mm2 ) 
Cement/wood/sand 
ratios 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 
hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
3:1:0 1.33  C 22.67  A 24.09  A 22.15  C 
3:1:1 1.64  B 19.33  B 19.50  B 23.84  B 
3:1:1.5 1.69  B 16.97  C 18.74  B 25.09  B 
5 
3:1:2 1.79  A 13.41  D 14.19  C 26.27  A 
3:1:0 1.61  D 19.68  A 21.11  A 11.41  D 
3:1:1 1.80  C 12.57  B 14.41  B 14.74  C 
3:1:1.5 2.09  B 9.75  C 11.28  C 18.32  B 
 
12.5 
3:1:2 2.22  A 7.43  D 9.19  D 23.56  A 
3:1:0 1.87  D 17.95  A 20.11  A 10.07  D 
3:1:1 2.22  C 13.85  B 15.16  B 12.66  C 
3:1:1.5 2.37  B 11.27  C 13.40  C 16.37  B 
 
20 
3:1:2 2.59  A 6.64  D 7.43  D 17.67  A 
In the same column, for each pressure, means of cement/wood/sand ratios, with the same 
letter are not significantly different from each other (p=0.05) 
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4.2.2. Effect of pressure 
The effect of pressure was significant on all studied properties of wood-
cement mixtures at all cement/wood/sand ratios except for water absorption 
after 24 hours at ratio 2:1:0 (Appendix Table 4).  At cement/wood/sand ratios 
2:1:0 and 3:1:0, there were significant difference between all levels of pressure 
on density, water absorption after 2 hour and compressive strength (Table 10).  
At cement/wood/sand/ratio 3:1:0, pressure of 5 had significantly higher water 
absorption after 24 hour than the other two levels of pressures, which were not 
significantly different from each other (Table 10). 
When sand was added to the mixture (cement/wood/sand ratios 2:1:1 and 
3:1:1), the effect of pressure was significant on all of the studied properties 
(Appendix Table 4).  At cement/wood/sand ratios 2:1:1, 2:1:1.5 and 2:1:2 
pressure of 5 N/mm2 had higher values of compressive strength and water 
absorption after 2 and 24 hours but lower values of density than pressure 12.5 
N/mm2.  At cement/wood/sand ratios 3:1:1, 3:1:1.5 and 3:1:2, there were 
significant differences between all levels of pressure on density, water 
absorption after 2 hours and compressive strength;   for water absorption after 
24 hours, pressure 5 had significantly higher values than the other two levels of 
pressures, which were not significantly different from each other (Tables 11, 12 
and 13). 
The results demonstrated an increase in compressive strength with 
increasing pressure up to 5 N/mm2; however, increasing the pressure to more 
than 5 N/mm2 was associated with a decrease in the compressive strength and 
water absorption.  When sand was added to the aggregate, there was an increase 
in the density and compressive strength and a decrease in water absorption at 
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each of the studied pressure levels.  These results confirm the findings of other 
researchers (Ali 2005; Rigassi 1985) who reported that when a force is applied 
to quantity of a soil the material is compressed and the proportion of voids 
decreases.  The more the density of a soil can be increased, the lower the 
porosity will be and the more difficult it will be for water to penetrate.  This 
results from the tighter overlapping of the particles which lowers the risk of the 
structure being modified in the presence of water.  The present study found that 
the increase of sand in the mixture increases the compressive strength in low, 
medium, and high levels of pressure. 
The results showed that, with addition of sand and reduction of wood and 
cement, water absorption decreases at all pressures.  This is due to the higher 
affinity of wood to water compared with sand and cement. When the 
cement/wood/sand ratio remained constant at 2:1 for instance the density of the 
wood-cement aggregates without sand (0%) was 1.35 g/cm3 whereas the sand 
increased to 40% the density increase to 1.65 g/cm3 that means when the density 
of sand increases the density of samples.  Increasing in the sand up to 33% of 
cement weight, however increased the compressive strength value (26.27 
N/mm2), this due to the effect of the strength of sand particles.  
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Table 10. Effect of pressure (5, 12.5, and 20 N/mm2) on the properties of wood-cement 
aggregates at cement/wood/sand ratio 2:1:0 and 3:1:0  
cement/wood/sand 
ratio 
Pressures 
 
(N/mm2 ) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 
hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
5 1.35  B 23.01  A 24.06  A 15.53  A  
2:1:0 12.5 1.62  A 21.42  B 22.94  A 4.04  B 
5 1.33  C 22.67  A 24.09  A 22.15  A 
12.5 1.61  B 19.68  B 21.11  B 11.41  B 
 
3:1:0 
20 1.87  A 17.95  C 20.11  B 10.07  C 
In the same column, for each cement/wood ratio, means of pressures with the same letter are 
not significantly different from each other (p=0.05) 
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Table 11. Effect of pressure (5, 12.5, and 20 N/mm2) on the properties of wood-cement 
aggregates at cement/wood/sand Ratio 2:1:1 and 3:1:1  
cement/wood/sand 
ratio 
Pressures 
 
(N/mm2 ) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 
hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
5 1.40  B 19.10  A 20.32  A 16.85  A  
2:1:1 12.5 1.86  A 14.76  B 15.83  B 7.45 B 
5 1.64  C 19.33  A 19.50  A 23.84  A 
12.5 1.80  B 13.85  B 15.16  B 14.74  B 
 
3:1:1 
20 2.22  A 12.57  C 14.41  B 12.66  C 
In the same column, for each cement/wood ratio, means of pressures with the same letter are 
not significantly different from each other (p=0.05) 
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Table 12. Effect of pressure (5, 12.5, and 20 N/mm2) on the properties of wood-cement 
aggregates at cement/wood/sand Ratio 2:1:1.5 and 3:1:1.5  
cement/wood 
ratio 
Pressures 
 
(N/mm2 ) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 hours
(%) 
Compressive 
strength 
( N/mm2 ) 
5 1.51 B 17.41  A 18.46  A 18.46  A  
2:1:1.5 12.5 1.90 A 9.50  B 10.65  B 9.16 B 
5 1.69  C 16.97  A 18.74  A 25.09  A 
12.5 2.09  B 11.27  B 13.40  B 18.32  B 
 
3:1:1.5 
20 2.37  A 9.75  C 11.28  B 16.37  C 
In the same column, for each cement/wood ratio, means of pressures with the same letter are 
not significantly different from each other (p=0.05) 
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Table 13. Effect of pressure (5, 12.5, and 20 N/mm2) on the properties of wood-cement 
aggregates at cement/wood/sand ratio 2:1:2 and 3:1:2  
cement/wood/sand 
ratio 
Pressures 
 
(N/mm2 ) 
Density 
 
(g/cm2 ) 
Water 
absorption 
after 2 hours 
(%) 
Water 
absorption 
after 24 
hours 
(%) 
Compressive 
strength 
( N/mm2 ) 
5 1.65  B 13.90  A 14.62  A 19.83  A  
2:1:2 12.5 2.11  A 6.81  B 9.12  B 11.31 B 
5 1.79  C 13.41  A 14.19  A 26.57  A 
12.5 2.22  B 7.43  B 9.19  B 23.56  B 
 
3:1:2 
20 2.59  A 6.64  C 7.43  B 17.67  C   
In the same column, for each cement/wood ratio, means of pressures with the same letter are 
not significantly different from each other (p=0.05) 
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CHAPTER FIVE 
5. CONCLUSIONS AND RECOMMENDATION 
 
5.1. Conclusions 
From the discussed results the following can be concluded: 
• Increasing the level of the calcium chloride content (CaCl2) was 
associated with an increase in compressive strength of wood-cement 
aggregates. 
• Increasing the level of the cement/wood ratio was associated with an 
increase in compressive strength and density and a decrease in water 
absorption of wood-cement aggregates.  
• Increasing pressure up to 5 N/mm2 caused an increase in compressive 
strength and density and a decrease in water absorption; however, 
increasing the pressure from 5 to 12.5 (N/mm2) was associated with a 
decrease in the compressive strength and water absorption and an 
increase in the density of the wood-cement aggregates.   
• Increasing the proportion of sand in the aggregate was associated with an 
increase in compressive strength and density and a decrease in water 
absorption regardless of the pressure level. 
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5.2. Recommendation 
• More research work is needed to investigate the possibility of 
combining various wood and non-wood species in cement bio-
composites wood products. 
• Studies are needed on the economic feasibility of manufacturing wood 
cement aggregates with and without the addition of sand. 
• In industry it is recommended to use a cement/wood/sand ratio of 
3:1:1.5, adding 3% calcium chloride and applying a pressure of 5 
N/mm2. 
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 Appendix Table 1. Results of the analysis of variance for density and Compressive strength 
 
Density 
 
 
Compressive strength 
 
Source DF  
Mean 
Square 
 
F Value 
 
Pr>F 
 
Mean 
Square 
 
F Value 
 
Pr>F 
 
Ratio 
Chemical additive 
Pressure 
Chemical additive* Ratio 
Pressure*Ratio 
Chemical additive*Pressure 
Chemical additive*Pressure* Ratio 
3 
2 
1 
6 
3 
2 
6 
 
0.23096073 
0.00407666 
1.11652191 
0.00137110 
0.00830844 
0.00362630 
0.00126875 
 
2786.05 
49.18 
13468.45 
16.54 
100.22 
43.74 
15.30 
 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
 
89.49564 
162.88046 
1216.09170 
3.43692 
20.33123 
7.16212 
1.41019 
159.16 
289.66 
2162.68 
6.11 
36.16 
12.74 
2.51 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0343 
Error  48 
 
0.0000829 
 
 
 
 
 0.56231
 
 
 
 
 
 
 
 
 
 
 
 
Deleted: ¶
¶
¶
¶
Appendix Table 1. Results of the analysis of variance for density and Compressive strength¶
Source ... [10]
 79
 
 
 
 
 
 
 
 
 
Appendix Table 2. Results of the analysis of variance for Water absorption after 2 and 24 
(hours) 
Water absorption 
After 2hours After 24hours 
Source DF  
Mean 
Square 
 
F Value 
 
Pr>F 
 
 
Mean 
Square 
 
F Value 
 
Pr>F 
 
Ratio 
Chemical additive 
Pressure 
Chemical additive* Ratio 
Pressure*Ratio 
Chemical additive*Pressure 
Chemical additive*Pressure* Ratio 
3 
2 
1 
6 
3 
2 
6 
273.311433 
100.432431 
560.585428 
3.799488 
28.624306 
74.362871 
3.828115 
218.38 
80.25 
447.91 
3.04 
22.87 
59.42 
3.06 
 
0.0001 
0.0001 
0.0001 
0.0134 
0.0001 
0.0001 
0.0129 
 
235.794723 
28.277178 
604.701609 
2.934198 
37.522199 
8.455619 
4.489417 
166.85 
20.01 
427.88 
2.08 
26.55 
5.98 
3.18 
0.0001 
0.0001 
0.0001 
0.0735 
0.0001 
0.0048 
0.0105 
Error 48 
 
1.25155 
 
  1.41324   
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Appendix Table 3. Results of the analysis of variance for the effect of cement/wood/sand 
ratio on the properties of wood-cement mixtures 
 
Density 
 
Compressive strength Water absorption after 2 hour 
Water absorption after 
24 hour 
Source DF 
 
Mean 
Square 
 
Pr>F 
Mean 
Square Pr>F 
Mean 
Square Pr>F 
Mean 
Square Pr>F 
 
Pressure 
 
Ratio 
 
Pressure*Ratio
 
2 
 
3 
 
6 
0.93166255 
 
0.16731376 
 
0.01209636 
 
0.0001 
 
0.0001 
 
0.0001 
 
570.8128425 
 
36.8409585 
 
2.3801413 
 
0.0001 
 
0.0001 
 
0.0001 
 
164.3047471 
 
155.0626243 
 
12.3271269 
 
0.0001 
 
0.0001 
 
0.0001 
 
134.2295953 
 
151.3269121 
 
11.5696052 
0.0001 
 
0.0001 
 
0.0001 
Error  16 0.00034235  0.1514189  0.5486279  0.5799527  
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Appendix Table 4. Results of the analysis of variance for the effect of pressure (5, 12.5 and 
20 N/mm2) on the properties of wood-cement mixtures 
 
 
Density 
 
Compressive strength Water absorption after 2 hour 
Water absorption after 
24 hour 
Source DF 
 
Mean 
Square 
 
Pr>F 
 
Mean Square 
 
 
Pr>F 
 
 
 
Mean 
Square 
 
 
Pr>F 
 
Mean 
Square 
 
Pr>F 
 
 
Pressure 
 
Ratio 
 
Pressure*Ratio 
 
2 
 
3 
 
6 
1.26473247 
 
0.58756809 
 
0.01758568 
 
0.0001 
 
0.0001 
 
0.0001 
 
324.4776488 
 
109.5676449 
 
12.4731724 
 
0.0001 
 
0.0001 
 
0.0001 
 
130.0658925 
 
190.9450451 
 
3.4192079 
 
0.0001 
 
0.0001 
 
0.0001 
 
104.7431368 
 
204.8116451 
 
3.9617370 
0.0001 
 
0.0001 
 
0.0001 
Error 24 0.00062804  
 
0.290692 
 
 0.3159385  0.3583088  
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Appendix Figure 1. Acacia seyal var. seyal trees growing in Wad Elbashir   
Forest 
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Appendix Table 1. Results of the analysis of variance for density and Compressive strength 
 
Density 
 
 
Compressive strength 
 Source DF
 
Mean Square 
 
F Value 
 
Pr>F 
 
Mean Square 
 
F Value 
 
 Pr>F 
 
Ratio 
Chemical additive 
Pressure 
Chemical additive* Ratio 
Pressure*Ratio 
Chemical additive*Pressure 
Chemical additive*Pressure* Ratio 
3 
2 
1 
6 
3 
2 
6 
 
0.23096073 
0.00407666 
1.11652191 
0.00137110 
0.00830844 
0.00362630 
0.00126875 
 
2786.05 
49.18 
13468.45 
16.54 
100.22 
43.74 
15.30 
 
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
 
89.49564 
162.88046 
1216.09170 
3.43692 
20.33123 
7.16212 
1.41019 
159.16 
289.66 
2162.68 
6.11 
36.16 
12.74 
2.51 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0343 
Error  48  0.0000829 
 
  0.56231
  
 
 
 
 
 
 
 
 
 
 
 
Appendix Table 2. Results of the analysis of variance for Water absorption after 2 and 24 (hours) 
Water absorption 
After 2hours After 24hours 
Source DF
 
Mean Square 
 
F Value 
 
Pr>F 
 
 
Mean Square 
 
F Value 
 
Pr>F 
 
Ratio 
Chemical additive 
Pressure 
Chemical additive* Ratio 
Pressure*Ratio 
Chemical additive*Pressure 
Chemical additive*Pressure* Ratio 
3 
2 
1 
6 
3 
2 
6 
273.311433 
100.432431 
560.585428 
3.799488 
28.624306 
74.362871 
3.828115 
218.38 
80.25 
447.91 
3.04 
22.87 
59.42 
3.06 
 
0.0001 
0.0001 
0.0001 
0.0134 
0.0001 
0.0001 
0.0129 
 
235.794723 
28.277178 
604.701609 
2.934198 
37.522199 
8.455619 
4.489417 
166.85 
20.01 
427.88 
2.08 
26.55 
5.98 
3.18 
0.0001 
0.0001 
0.0001 
0.0735 
0.0001 
0.0048 
0.0105 
Error 48 
 
1.25155 
 
  1.41324   
 
 
 
 
 
 
 
 
 
Appendix Table 3. Results of the analysis of variance for the effect of cement/wood/sand ratio on the 
              properties of wood-cement mixtures 
 
 
 
 
 
 
 
 
 
 
 
Density 
 
Compressive strength Water absorption after 2 hour 
Water absorption after 
24 hour 
Source DF  
Mean Square 
 
Pr>F Mean Square Pr>F Mean Square Pr>F Mean Square Pr>F 
 
Pressure 
 
Ratio 
 
Pressure*Ratio 
 
2 
 
3 
 
6 
0.93166255 
 
0.16731376 
 
0.01209636 
 
0.0001 
 
0.0001 
 
0.0001 
 
570.8128425 
 
36.8409585 
 
2.3801413 
 
0.0001 
 
0.0001 
 
0.0001 
 
164.3047471 
 
155.0626243 
 
12.3271269 
 
0.0001
 
0.0001
 
0.0001
 
134.2295953 
 
151.3269121 
 
11.5696052 
0.0001 
 
0.0001 
 
0.0001 
Error  16 0.00034235  0.1514189  0.5486279 0.5799527  
Appendix Table 4. Results of the analysis of variance for the effect of pressure (5, 12.5 and 20 N/mm2) on the 
properties of wood-cement mixtures 
 
 
 
Density 
 
Compressive strength Water absorption after 2 hour 
Water absorption after 
24 hour 
Source DF  
Mean Square 
 
Pr>F 
 
Mean Square 
 
 
Pr>F 
 
 
 
Mean Square 
 
 
Pr>F 
 
Mean Square 
 
Pr>F 
 
 
Pressure 
 
Ratio 
 
Pressure*Ratio 
 
2 
 
3 
 
6 
1.26473247 
 
0.58756809 
 
0.01758568 
 
0.0001
 
0.0001
 
0.0001
 
324.4776488 
 
109.5676449 
 
12.4731724 
 
0.0001 
 
0.0001 
 
0.0001 
 
130.0658925 
 
190.9450451 
 
3.4192079 
 
0.0001
 
0.0001
 
0.0001
 
104.7431368 
 
204.8116451 
 
3.9617370 
0.0001 
 
0.0001 
 
0.0001 
Error 24 0.00062804  
 
0.290692 
 
 0.3159385  0.3583088  
  
